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(54) MATRIX WIRED BOARD AND ITS MANUFACTURE 

(57)Abstract: 

PURPOSE: To take an electrostatic countermeasure until a driving 
circuit is connected to the matrix wired board and to obtain the 
board which enables the early inspection of circuit wiring. 
CONSTITUTION: On the matrix wired board 26 on which circuit 
electric conductors 16 and 18 are formed in matrix, a guard ring 12 
which is connected to the circuit electric conductors 16 and 18 is 
formed at the outer peripheral part of the circuit electric 
conductors 16 and 18, and a connection/disconnection part 32 
which controls the conduction between the circuit electric 
conductors 16 and 18 and guard ring 12 is interposed between the 
circuit electric conductors 16 and 18 and guard ring 12. The 
electric conductors 16 and 18 and guard ring 12 are electrically 
connected by making an external field on the connection/ 
disconnection part 32 to short-circuit respective electric 
conductors among the circuit electric conductors and a potential 
djff erence due to static electricity between them is eliminated; and 
discharge is eliminated and the yield is improved. 
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[What is claimed is] 

[Claim 1] A matrix wiring substrate having circuit wirings 
formed like a matrix on a substrate, wherein a guard ring is 
formed on the outer peripheral portions of the circuit wirings 
being connected to said circuit wirings , and switching portions 
are interposed between the circuit wirings and the guard ring 
to control the conduction between said circuit wirings and said 
guard ring. 

[Claim 2] A matrix wiring substrate according to claim 1, 
wherein the switching portions are constituted by switching 
elements for switching the conduction/ insulation between the 
circuit wirings and the guard ring, and feeder portions for 
controlling said switching elements . 

[Claim 3] A matrix wiring substrate according to claim 1, 
wherein the switching portions are constituted by variable 
resistor elements . 

[Claim 4] A matrix wiring substrate according to claim 1, 
wherein the switching portions are constituted by variable 
resistor circuits. 

[Claim 5] A method of producing a matrix wiring substrate 
having circuit wirings in the form of a matrix on a substrate, 
by forming a guard ring on the outer peripheral portions of 
the circuit wirings so as to be connected to said circuit 
wirings , forming switching portions between the circuit 
wirings and the guard ring, acting an external field on the 
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switching portions that are formed to render the circuit 
wirings conductive to the guard ring, and, as required, 
shielding the switching portions from the external field to 
insulate the circuit wirings from the guard ring. 
[Claim 6] A method of producing a matrix wiring substrate 
having circuit wirings in the form of a matrix on a substrate, 
by forming a guard ring on the outer peripheral portions of 
the circuit wirings so as to be connected to said circuit 
wirings, forming switching portions between the circuit 
wirings and the guard ring to control the conduction between 
said circuit wirings and said guard ring, permitting said 
circuit wirings to be conductive to said guard ring through 
said switching portions, and, as required, acting an external 
field on the switching portions to insulate the circuit wirings 
from the guard ring. 

[Detailed Description of the Invention] 
[0001] 

[Industrial Field of Application] 

This invention relates to a matrix wiring substrate 
having circuit wirings formed like a matrix, and to a method 
of producing the same. In particular, the invention takes an 
electrostatic countermeasure at the time of production. 
[0002] 
[Prior Art] 
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In recent years, attention has been given particularly 
to the development of flat displays among visual equipment. 
Among them, a liquid crystal display has many advantages, and 
urgent development has been desired as a display system of the 
main stream in the future. Among them, from the height of 
display quality, it is expected that a liquid crystal display 
of the active matrix system using a-SiTFTs (amorphous silicon 
thin-film transistors) will become the main stream. At 
present, devices of relatively small sizes have already been 
put into practical use. 

[0003] The liquid crystal display of the active matrix system 
is produced by preparing, first, a matrix wiring substrate 
having pixel electrodes, gate wirings and source wirings 
provided on the pixel electrodes, and thin-film transistors 
(TFTs ) like a matrix on a glass substrate which is an insulating 
material, assembling them, pouring liquid crystals, and 
connecting a drive circuit. 

[0004] Here, in producing the matrix wiring substrate, static 
electricity easily generates among the electrodes. When the 
static electricity generates, the insulation of TFTs and 
semiconductor are destroyed due to the electric discharge, or 
the circuit wirings are damaged due to the generation of heat, 
and the yield of the wiring substrate is greatly deteriorated. 
In particular, a-SiTFT is very susceptible to static 
electricity. 



3 



[ 0005 ] So far, therefore, there has been employed a production 
method while effecting the countermeasure against the static 
electricity by forming a guard ring 12 as shown in Fig. 10. 
A matrix wiring substrate shown in Fig. 10 has a number of source 

wirings 18, 18, for flowing data signals and a number of 

gate wirings 16, 16, for flowing scanning signals, that 

are formed in alignment on a glass substrate 24, and further 

has pixel electrodes 22, 22, formed between the source 

wirings 18 and the gate wirings 16, the pixel electrodes 22 
being connected to the source wirings 18 and to the gate wirings 
16 via switching elements (thin-film transistors: TFTs ) 20, 

20, . Reference numeral 12 shown in Fig. 10 denotes the 

guard ring formed on the outer side of a pixel area 14 and is 
connected to circuit wirings in the pixel area 14, i.e., 
connected to the source wirings 18 and to the gate wirings 16. 
[0006] By forming the guard ring 12, the source wirings 18 
are short-circuited to the gate wirings 16 through the guard 
ring 12, and no potential difference occurs among the 
neighboring electrodes even when the static electricity is 
generated, and the electric discharge is prevented. By 
forming the guard ring 12, therefore, it is allowed to prevent 
the circuit wirings inclusive of TFTs and semiconductors from 
being broken or damaged by the occurrence of static electricity. 
After the matrix wiring substrate 10 has been produced, the 
outer peripheral portions of the pixel area 14 are cut off 
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together with the glass substrate 24 by using a cutting tool 
such as a diamond cutter to remove the guard ring 12 by cutting. 
The thus produced wiring substrate is then put to the subsequent 
steps such as a step of assembling, a step of connecting drive 
circuit, and the like steps. 

[0007] Figs. 11 and 12 illustrate a structure of the 
conventional active matrix liquid crystal display device shown 
in Fig. 10 in which such portions as the gate wirings 16 and 
the source wirings 18 are really formed on the substrate. In 
the active matrix display device shown in Figs. 11 and 12, the 
gate wirings 16 and the source wirings 18 are arranged like 
a matrix on a transparent substrate 50 such as of a glass with 
a gate-insulating layer 51 being interposed at their 
intersecting portions. Further, switching elements 53 which 
are thin-film transistors are formed near the portions where 
the gate wirings 16 intersect the source wirings 18. 
[0008] The switching element 53 shown in Figs. 11 and 12 is 
the most generally employed element of the channel etching type, 
and is constituted by forming the gate- insulating layer 51 on 
the gate electrode 54 which is drawn from the gate wiring 16, 
forming a semiconductor layer 55 of amorphous silicon (a-Si) 
on the gate-insulating layer 51, and forming a drain electrode 
56 and a source electrode 57 of a conductor such as aluminum 
on the semiconductor layer 55. The uppermost layer of the 
semiconductor layer 55 is an amorphous silicon layer 55a doped 
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with ions. Further, the drain electrode 56 is connected to 
the pixel electrode 58 formed on the substrate 5 0 via a contact 
hole 57 formed in the gate-insulating layer 51, and the source 
electrode 57 is connected to the source wiring 18. 
[0009] A passivation layer 59 is formed covering the 
gate-insulating layer 51, the drain electrode 56 and the source 
electrode 57, an orientation film 60 is formed on the 
passivation film 59, a transparent substrate 62 having an 
orientation film 61 is provided over the orientation film 60 
maintaining a gap, and liquid crystals 63 are sealed between 
the orientation films 60 and 61 thereby to constitute an active 
matrix liquid crystal display device. When the pixel 
electrode 58 applies an electric field to the molecules of the 
liquid crystals 63 , the liquid crystal molecules are controlled 
for their orientation. Further, a black mask 65 is provided 
between the substrate 62 and the orientation film 61 at an upper 
part of the liquid crystals 63 so as to conceal the portions 
except the upper region of the pixel electrode 58. 
[0010] 

[Problems that the Invention is to Solve] 

When the countermeasure against the static electricity 
is taken relying upon the above method, however, the effect 
is obtained when the guard ring 12 is being formed. At 
subsequent steps, however, the guard ring 12 has been removed 
by cutting, and no protection is obtained against the static 
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electricity. At the subsequent steps (of until the drive 
circuit is mounted) , therefore, the wiring substrate is subject 
to be affected by the static electricity and is likely to be 
damaged. In particular, the static electricity tends to 
generate much at the step of forming the a-SiTFTs and at the 
step of assembling the LCD. Without any countermeasure 
against the static electricity at the time of assembling is 
a serious problem. At the time of removing the guard ring 12 
by cutting, further, static electricity tends to generate 
between the glass substrate 24 and the cutting tool causing 
damage to the circuit wirings. 

[0011] While the guard ring 12 is being formed, the source 
wirings 18 are short-circuited to the gate wirings 16, and it 
is not allowed to check the circuit wirings, as a matter of 
course. Further, if the guard ring 12 is once removed by 
cutting for checking, it is not allowed to form the guard ring 
12 again, and the circuit wirings after the checking is not 
protected against the occurrence of static electricity. After 
the checking, therefore, there is a large probability of 
developing defects, and the value of checking is substantially 
lost. So far, therefore, the checking had been conducted after 
the step of assembling the wiring substrate by cutting the guard 
ring 12 and after the drive circuit is connected. According 
to this method, however, even if defect in the circuit wiring 
is found, many steps have already been executed and it is 
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difficult to cope with the matter. Therefore , the wiring 
substrate must be discarded , which is a great loss of production. 
It has therefore been urged to check the circuit wirings in 
an early stage. 

[0012] This invention was accomplished in order to solve the 
above assignment , and provides a matrix wiring substrate which 
is capable of taking a countermeasure against the static 
electricity until the drive circuit is connected to the matrix 
wiring substrate and which makes it possible to check the 
circuit wirings in a stage as early as possible, and a method 
of producing the same. 
[0013] 

[Means for Solving the Problems] 

A matrix wiring substrate described in claim 1 has 
circuit wirings formed like a matrix on a substrate, wherein 
a guard ring is formed on the outer peripheral portion of the 
circuit wirings being connected to said circuit wirings, and 
switching portions are interposed between the circuit wirings 
and the guard ring to control the conduction between said 
circuit wirings and said guard ring. 

[0014] A matrix wiring substrate described in claim 2 is 
concerned with a matrix wiring substrate described in claim 
1, wherein the switching portions are constituted by switching 
elements for switching the conduction/insulation between the 
circuit wirings and the guard ring, and feeder portions for 
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controlling said switching elements. 

[0015] A matrix wiring substrate described in claim 3 is 
concerned with a matrix wiring substrate described in claim 
1, wherein the switching portions are constituted by variable 
resistor elements. 

[0016] A matrix wiring substrate described in claim 4 is 
concerned with a matrix wiring substrate described in claim 
1, wherein the switching portions are constituted by variable 
resistor circuits. 

[0017] A method of producing a matrix wiring substrate 
described in claim 5 is the one for producing a matrix wiring 
substrate having circuit wirings in the form of a matrix on 
a substrate, by forming a guard ring on the outer peripheral 
portions of the circuit wirings so as to be connected to said 
circuit wirings, forming switching portions between the 
circuit wirings and the guard ring, acting an external field 
on the switching portions that are formed to render the circuit 
wirings conductive to the guard ring, and, as required, 
shielding the switching portions from the external field to 
insulate the circuit wirings from the guard ring. 
[0018] A method of producing a matrix wiring substrate 
described in claim 6 is the one for forming a matrix wiring 
substrate having circuit wirings in the form of a matrix on 
a substrate, by forming a guard ring on the outer peripheral 
portions of the circuit wirings so as to be connected to said 
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circuit wirings , forming switching portions between the 
circuit wirings and the guard ring to control the conduction 
between said circuit wirings and said guard ring, permitting 
said circuit wirings to be conductive to said guard ring through 
said switching portions, and, as required, acting an external 
field on the switching portions to insulate the circuit wirings 
from the guard ring. 
[0019] 

[Mode of Operation] 

In the matrix wiring substrate of the invention, a guard 
ring is formed on the outer peripheral portions of the circuit 
wirings, and switching portions are interposed between the 
circuit wirings and the guard ring to control the conduction 
therebetween. By forming the guard ring that is conductive 
to the circuit wirings, the wirings are short-circuited by the 
guard ring. Even if static electricity generates in the 
circuit wirings, therefore, there occurs no potential 
difference, and no electric discharge is caused by the static 
electric ity . 

[0020] There are further formed the switching portions 
capable of easily changing over the conduction/insulation 
between the circuit wirings and the guard ring. Upon 
insulating the circuit wirings and the guard ring by the 
switching portions, therefore, the circuit wirings are 
provided with the same effect as that of removing the guard 
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ring. Besides , the circuit wirings and the guard ring that 
are once insulated, can be rendered conductive again. 
Therefore, there is no need of removing the guard ring by 
cutting. 

[0021] Therefore, the circuit wirings can be checked and the 
drive circuit can be connected without removing the guard ring 
by cutting. Therefore, checking of the circuit wirings which 
could not be done unless the guard ring is removed from the 
wiring substrate, can now be carried out at any time, as 
required, and in any number of times. That is, at the time 
of checking, the guard ring and the circuit wirings are 
insulated by the switching portions to conduct the checking. 
After the checking, the guard ring and the circuit wirings are 
rendered conductive. Even after the checking, therefore, the 
guard ring and the circuit wirings can be rendered conductive 
at any time when the countermeasure against the static 
electricity is necessary to cope with the static electricity. 
[0022] Further, the switching portions of the present 
invention are controlled by an external field acting on the 
switching portions. Therefore, the conduction/insulation 
between the circuit wirings and the guard ring can be easily 
and correctly switched. As the switching portions, further, 
there can be used switching elements controlled by feeder 
portions operated by the external field, variable resistor 
elements operated by the external field, , or variable resistor 
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circuits . 

[0023] In controlling the switching portions by acting the 
external field, further , the circuit wirings arranged like a 
matrix have been rendered conductive through the guard ring 
during the steps of production. Even when the static 
electricity generates, therefore, there develops no potential 
difference between the circuit wirings and the guard ring. 
Besides, since the switching portions are arranged between the 
circuit wirings and the guard ring to control the conduction, 
the conduction/insulation can be freely controlled as required. 
The guard ring that is provided being connected to the circuit 
wirings needs not be removed even after the checking. 
Therefore, no step is required for removing the guard ring. 
In the active matrix liquid crystal display element, further, 
thin-film transistors are utilized as switching portions . The 
thin-film transistors can be simultaneously formed on the 
substrate at the time of forming the active matrix liquid 
crystal display elements and, hence, the switching portions 
can be produced without increasing the number of the steps. 
In the transmission-type liquid crystal display elements which 
have a prerequisite of using back-light, it is possible to use 
back-light of the liquid crystal display device as the external 
field. 
[0024] 

[ Embodiments ] 
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The invention will now be described by way of embodiments 
to which only, however, the invention is in no way limited. 
[0025] 

[ Embodiment 1 ] 

A matrix wiring substrate of an embodiment 1 will now 
be described with reference to Fig. 1. In a matrix wiring 
substrate 2 6 shown in Fig. 1, circuit wirings in the pixel area 
14 are the known ones used for the liquid crystal display panel 
of the active matrix system, and include many source wirings 

18 , 18, for flowing data signals and many gate wirings 16, 

16, — - for flowing scanning signals, that are formed like a 

matrix on a glass substrate 24. Pixel electrodes 22, 22, 

are formed among these many source wirings 18 and gate wirings 
16, and the pixel electrodes 22 +are connected to the source 
wirings 18 and to the gate wirings 16 via switching elements 
(thin-film transistors: TFTs ) 20, 20, . 

[0026] In the wiring substrate of the active matrix liquid 
crystal display, there have been known wiring structures, pixel 
electrode structures and switching elements of a variety of 
structures . The invention, however, can be applied to any kind 
of structures provided they use a matrix wiring substrate. The 
invention, therefore, does not specify any particular 
structure of the active matrix liquid crystal display in the 
pixel area 14. 

[0027] In the matrix wiring substrate 2 6 of this embodiment, 
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a guard ring 12 is formed on the outer peripheral portions of 
the pixel area 14. The guard ring 12 is formed of an electric 
conductor, and is connected to the circuit wirings in the pixel 
area 14 , i.e. , connected to the gate wirings 16 and to the source 
wirings 18. 

[0028] In the matrix wiring substrate 26 of this embodiment , 

further , switching portions 32 , 32 , are formed in the 

wirings connecting the circuit wirings in the pixel area 14 
to the guard ring 12. Further, the switching portions 32 are 
constituted by switching elements 30 and feeder portions 28. 
The switching elements 3 0 may be any elements having a function 
for switching the conduction and the insulation between the 
circuit wirings and the guard ring 12. In the matrix wiring 
substrate 26 shown in Fig. 1, the switching elements 30 are 
constituted by thin-film transistors (TFTs). 
[0029] In this invention, the switching elements 30 in a state 
where the circuit wirings and the guard ring 12 are conductive, 
are referred to as in the switch-on state, and the switching 
elements 30 in a state where the circuit wirings and the guard 
ring 12 are insulated, are referred to as in the switch-off 
state. 

[0030] The feeder portions 28 are for switching the 
conduction/insulation of the switching elements 30, and are 
solar cells in the matrix wiring substrate 2 6 shown in Fig. 
1. Upon being irradiated with light, therefore, the feeder 
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portions 28 which are solar cells produce an electromotive 
force , whereby the switching elements 30 are placed in the 
switch-on state, and the circuit wirings and the guard ring 
12 are rendered conductive. When the feeder portions 28 are 
no longer irradiated with light, the switching elements 3 0 are 
placed in the switch-off state, and the circuit wirings and 
the guard rings 12 are insulated. The solar cells used as the 
feeder potions 28 use a-Si equivalent to TFTs, which can be 
produced by a contact that forms homo- junction (n + -a-Si/i- 
a-Si, n + -a-Si/i-a-Si/P + -a-Si, etc.), hetero- junction or 
Schottky barrier. As required, the solar cells can be 
connected in series to obtain a sufficient electromotive force. 
[0031] The feeder portions 28 may be any ones that control 
the switching elements 30. In addition to the solar cells, 
the feeder portions 28 may be any ones that are capable of 
controlling the switching elements 3 0 by producing the 
electromotive force by the application of an external field, 
such as the ones that control the switching elements 3 0 by 
producing an electromotive force by electromagnetic induction 
by using, for example, a coil, the ones that control the 
switching elements 30 by producing an electromotive force by 
Hall effect, or the ones that control the switching elements 
30 by utilizing the thermoelectromotive force. Further, the 
feeder portions 2 8 may be elements or circuits capable of 
arbitrarily setting a voltage (e.g., V on ;> 2 V, V off <; 1 V) 
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necessary for switching (turning on or off) the switching 
elements 30 and for holding the voltage for several tens of 
minutes to several hours. For example, there can be used latch 
circuits used for the static RAM, etc. 

[0032] As the feeder portions 28, further, there can be used 
capacitors having a large capacity with little leakage. In 
this case, when the circuit wirings and the guard ring 12 are 
to be insulated, the capacitors may be discharged. When the 
circuit wirings and the guard ring 12 are to be rendered 
conductive by placing the switching elements 3 0 in the 
switch-on state, the capacitors may be electrically charged. 
Further, the capacitors may be combined with an amplifier to 
increase the apparent capacity by utilizing the mirror effect. 
In this case, the capacity increases by the number of times 
of amplification of the amplifier. 

[0033] The circuit wirings and the guard ring 12 of the matrix 
wiring substrate 26 are formed by depositing an electric 
conductor such as Ta, Mo, Al or Cu on the glass substrate 24 
by sputtering or electron beam vaporization, and forming a 
desired pattern by a photolithography method. 
[0034] In producing the matrix wiring substrate 26 of this 
embodiment (until the drive circuit is connected to the circuit 
wirings), when the external field is acted upon the feeder 
portions 28 so as to produce an electromotive force, i.e. , when 
the solar cells are used as the feeder portions 28, the solar 
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cells are irradiated with light to produce an electromotive 
force, whereby the switching elements 30 are placed in the 
switch-on state so that the circuit wirings and the guard ring 
12 are rendered conductive. With the circuit wirings and the 
guard ring 12 being rendered conductive , the source wirings 
18 and the gate wirings 16 are short-circuited , and no potential 
difference due to static electricity occurs therebetween, 
i.e.,, the potential is equalized. Accordingly, no electric 
discharge occurs, the insulator of the pixel TFTs and the 
semiconductor are not destroyed, the circuit wirings are not 
damaged by the heat of electric discharge, and the yield of 
the wiring substrate is greatly improved. 

[0035] When there is no need of taking a countermeasure 
against the static electricity as a result of connecting the 
drive circuit (not shown) to the drive circuit connection 

terminals 34, 34, , the feeder portions (solar cells) 2 8 

are shielded (the solar cells are shielded with a cover or are 
stuck with a tape) so that the electromotive force will not 
be generated; i.e., the electromotive force is lowered to be 
smaller than a threshold value of TFTs of the switching elements 
30. Thus, the switching elements 30 are placed in the 
switch-off state, and the circuit wirings and the guard ring 
12 are insulated. With the circuit wirings and the guard ring 
12 being insulated, the circuit wirings are driven by the drive 
circuit only. 
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[003 6] In the matrix wiring substrate of the invention, 
therefore, there is no need of removing the guard ring from 
the circuit wirings by cutting. Therefore, the guard ring 12 
is maintained connected from the production of the circuit 
wirings until the drive circuit is connected, and the 
countermeasure against the static electricity is maintained 
until the drive circuit is connected that needs the 
countermeasure against the static electricity. Further, 
since the guard ring 12 is not removed by cutting, the present 
invention does not receive damage due to the static electricity 
which so far has occurred much between the substrate and the 
cutting tool at the time of cutting. Accordingly, the yield 
is greatly improved as compared to the prior art. 
[0037] 

Further, since it is allowed to arbitrarily repeat the 
conduction/insulation of the guard ring 12 and the circuit 
wirings, the circuit wirings and the guard ring can be rendered 
conductive again after having checked the circuit wirings by 
insulating the circuit wirings and the guard ring 12. 
Therefore, the circuit wirings can be checked at any time, i.e., 
the circuit wirings can be checked at an early time. 
Accordingly, defects in the circuit wirings can be found at 
an early time greatly suppressing the loss of production. 
[0038] Here, the electromotive force of the feeder portions 
28 is lowered to insulate the circuit wirings and the guard 
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ring 12 . At the time of checking or driving the circuit wirings , 
a given voltage is applied to the guard ring 12 within a range 
of voltage applied to the source wirings 18 and to the gate 
wirings 16 in order to reliably improve the insulation of the 
switching elements (TFTs) 30. That is, when the TFT swhich 
are the switching elements 30 are of the n-channel, the guard 
ring 12 is impressed with a voltage of a negative value which 
is more negative than the most negative voltage that is applied 
to the circuit wirings, so that the circuit wirings and the 
guard ring 12 are insulated by the switching elements (TFTs) 
30. Here, the insulation is further improved if a similar 
negative voltage is applied to the gate electrodes of the 
switching elements (TFTs) 30. 

[0039] Though this embodiment has exemplified a liquid 
crystal display of the active matrix type using the TFTs, it 
should be noted that the invention is in no way limited thereto 
only but can further be applied to various matrix wiring 
substrates, such as a liquid crystal display of the active 
matrix type using MIM, a liquid crystal display of a simple 
matrix type, various flat displays (ELs) and various sensor 
arrays (image sensor array, pressure sensor array, etc.). 
[0040] 

[Embodiment 2 ] 

The matrix wiring substrate of an embodiment 2 will now 
be described with reference to Fig. 2. The matrix wiring 
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substrate 3 6 shown in Fig. 2 is different from the matrix wiring 
substrate 2 6 of the embodiment 1 with respect t that the gate 

electrodes of switching elements 30, 3 0 , which are a 

plurality of thin-film transistors are connected together, and 
feeder portions 28 are formed between the gate electrodes 
connected together and the guard ring 12. That is, in the 
matrix wiring substrate 36 of the embodiment 2, the switching 
portions 32 are constituted by a plurality of switching 

elements 30, 30, and one feeder portion 28. 

[0041] In the matrix wiring substrate 36 of the embodiment 
2, the solar cell which is the feeder portion 2 8 may be 
irradiated with light or may be shielded by effecting the 
irradiation/shielding onto one place only, contributing to 
improving easiness and reliability for controlling the feeder 
portion 28. As described in the embodiment 1 above, further, 
if a negative voltage is applied to the gate electrodes of the 
TFTs which are the switching elements 30, the TFTs which are 
the switching elements 30 exhibit improved insulation. Here, 
in applying a voltage to the TFTs which are the switching 
elements 30, the application of voltage to the gate electrodes 
is facilitated if the gate electrodes have been connected 
together as in the embodiment 2 . 

[0042] The other action, constitution and effect are the same 
as those of the matrix wiring substrate 26 of the embodiment 
1. In producing the matrix wiring substrate 3 6 of the 
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embodiment 2 (until the drive circuit is connected to the 
circuit wirings), when the external field is acted upon the 
feeder portion 2 8 so as to produce an electromotive force, i.e. , 
when a solar cell is used as the feeder portion 28, the solar 
cell is irradiated with light to produce an electromotive force, 
whereby the switching elements 30 are placed in the switch-on 
state so that the circuit wirings and the guard ring 12 are 
rendered conductive. With the circuit wirings and the guard 
ring 12 being rendered conductive, the source wirings 18 and 
the gate wirings 16 are short-circuited, and no potential 
difference due to static electricity occurs therebetween. 
Accordingly, no electric discharge occurs, the insulator of 
the pixel TFTs and the semiconductor are not destroyed, the 
circuit wirings are not damaged by the heat of electric 
discharge, and the yield of the wiring substrate is greatly 
improved . 

[0043] When there is no need of taking a countermeasure 
against the static electricity as a result of connecting the 
drive circuit (not shown) to the drive circuit connection 

terminals 34, 34, , the solar cell is shielded (the solar 

cell is shielded with a cover or is stuck with a tape) so that 
the electromotive force will not be generated; i.e., the 
electromotive force is decreased to be lower than the threshold 
value of the TFTs constituting the switching elements 3 0 . Thus , 
the switching elements 30 are placed in the switch-off state, 
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and the circuit wirings and the guard ring 12 are insulated. 
With the circuit wirings and the guard ring 12 being insulated, 
the circuit wirings are driven by the drive circuit only. 
[0044] In the matrix wiring substrate 36, therefore, there 
is no need of removing the guard ring 12 from the circuit wirings 
by cutting. Therefore, the guard ring 12 is maintained 
connected from the production of the circuit wirings until the 
drive circuit is connected, and the countermeasure against the 
static electricity is maintained until the drive circuit is 
connected that needs the countermeasure against the static 
electricity. Accordingly, the yield is greatly improved as 
compared to the prior art. 

[0045] Further, since it is allowed to arbitrarily repeat the 
conduction/insulation of the guard ring 12 and the circuit 
wirings, the circuit wirings and the guard ring can be rendered 
conductive again after having checked the circuit wirings by 
insulating the circuit wirings and the guard ring 12. 
Therefore, the circuit wirings can be checked at any time, i.e. , 
the circuit wirings can be checked at an early time. 
Accordingly, defects in the circuit wirings can be found at 
an early time greatly suppressing the loss of production. In 

this embodiment, the switching elements 30, 30, are all 

driven by one feeder portion 28. It is, however, also 
allowable to provide a feeder portion for the gate electrodes 
that are connected together of the switching elements 30 
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connected to the source wirings 18 , and to provide another 
feeder portion for the gate electrodes that are connected 
together of the switching elements 3 0 connected to the gate 
wirings 16. 
[0046] 

[ Embodiment 3 ] 

The matrix wiring substrate according to an embodiment 
3 will now be described with reference to Fig. 3. The matrix 
wiring substrate 3 8 shown in Fig. 3 is different from the matrix 
wiring substrate 26 of the embodiment 1 with respect to that 

variable resistor elements 40 , 40 , are used as switching 

portions. The variable resistor elements 40 may be those that 
vary their electric resistance depending upon the external 
field. There can be used, for example , photoconducting 
elements that vary their resistance depending upon light, 
thermistors that vary their resistance depending upon the 
temperature, piezo-electric resistance elements or distortion 
gauges that vary their resistance depending upon the pressure, 
and Hall elements that vary their resistance depending upon 
the magnetic field. 

[0047] As for a range in which the resistance of the variable 
resistor elements 40 varies, there is no problem in generally 
expressing the resistance provided the upper limit (high 
resistance side) is Rv s> 10 5 Q. Depending upon the ability of 
the drive circuit that is mounted, however, a good result is 
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often obtained even when the resistance is smaller than the 
above value. The lower limit (low resistance side) may be Rv 
=s 10 3 Q. The rate for removing electricity increases as the 
value becomes small, which is desirable. 

[0048] In order to render the circuit wirings and the guard 
ring 12 conductive in this matrix wiring substrate 38, the 
resistance of the variable resistor elements 40 may be 
decreased. That is, when a photoconducting elements are used 
as the variable resistor elements 40, the photoconducting 
elements 4 0 are irradiated with light to decrease their 
resistance thereby to render the circuit wirings and the guard 
ring 12 conductive. With the circuit wirings and the guard 
ring 12 being rendered conductive, the source wirings 18 and 
the gate wirings 16 are short-circuited, and no potential 
difference due to static electricity occurs therebetween. 
Accordingly, no electric discharge occurs, the insulator of 
the pixel TFTs and the semiconductor are not destroyed, the 
circuit wirings are not damaged by the heat of electric 
discharge, and the yield of the wiring substrate is greatly 
improved . 

[0049] When there is no need of taking a countermeasure 
against the static electricity as a result of connecting the 
drive circuit (not shown) to the drive circuit connection 

terminals 34, 34, , the photoconducting elements 4 0 may be 

shielded (the photoconducting elements are shielded with a 
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cover or stuck with a tape) to increase the resistance and, 
hence, to insulate the circuit wirings and the guard ring 12. 
With the circuit wirings and the guard ring 12 being insulated, 
the circuit wirings are driven by the drive circuit only. Even 
in this matrix wiring substrate 38, therefore, there is no need 
of removing the guard ring 12 from the circuit wirings by 
cutting. Therefore, the guard ring 12 is maintained connected 
from the production of the circuit wirings until the drive 
circuit is connected, and the countermeasure against the static 
electricity is maintained until the drive circuit is connected 
that needs the countermeasure against the static electricity. 
Accordingly, the yield is greatly improved as compared to the 
prior art. 

[0050] Further, since it is allowed to arbitrarily repeat the 
conduction/insulation of the guard ring 12 and the circuit 
wirings, the circuit wirings and the guard ring can be rendered 
conductive again by permitting an external field to act upon 
the variable resistance elements 4 0 to decrease the resistance 
of the variable resistor elements 40 after having checked the 
circuit wirings by insulating the circuit wirings and the guard 
ring 12. Therefore, the circuit wirings can be checked at any 
time, i.e. , the circuit wirings can be checked at an early time. 
Accordingly, defects in the circuit wirings can be found at 
an early time greatly suppressing the loss of production. 
[0051] 
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[ Embodiment 4 ] 

As a matrix wiring substrate of an embodiment 4, there 
is exemplified the one to which is applied a variable resistor 
circuit 42 shown in Fig. 4 in place of the variable resistor 
element 4 0 of the embodiment 3. Therefore, Fig. 3 should be 
referred to as a diagram schematically illustrating the whole 
matrix wiring substrate. 
[0052] In Fig. 4, 

Ro: predetermined resistance of a resistor 44, 
Rv: resistance of a variable resistor element (as the 
variable resistor element, there can be used various variable 
resistor elements used in the embodiment 3) 46 which varies 

from RL to RH (Ro s rl, Ro « TH) depending upon the external 
field, 

Tr: transistor (R^ « Ro, R^ ^ RH » Ro, where R Dn is 
a resistance of the transistor in the switch-on state, R off is 
a resistance of the transistor in the switch-off state), 

VR: potential of the guard rig, 

Vx: potential at a contact point of Ro and Rv and is a 
gate potential of the transistor Tr, 

Vs: potential of the circuit wirings. 
[0053] To take a countermeasure against the static 
electricity, i.e. , to render the circuit wirings and the guard 
ring 12 conductive in the matrix wiring substrate of the 
embodiment 4, the resistance of the variable resistor circuit 
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42 as a whole may be lowered to decrease the difference between 
Vs and VR. In this case, the resistance RV of the variable 
resistor element 46 is set to be RV = RL s Ro relying upon the 
external field. Then, there is obtained Vx s (VR + Vs)/2. When 
Vs is negatively charged relative to VR due to the static 
electricity, Vs assumes the source potential provided Tr is 
an n-channel FET (field-effect transistor), and the gate- 
source voltage Vgs of the transistor Tr becomes Vgs = Vx - Vs 
s (VR - Vs)/2. 

When Vgs a (VR - Vs)/2 * Vth relative to the threshold 
voltage Vth (several volts) of the transistor Tr, then, the 
transistor Tr is placed in the switch-on state, and the 
resistance R between the guard ring 12 and the circuit wirings 
becomes , 

R a (2Ro • Ron)/(2Ro + Ron) a (2Ro • Ron)/2Ro ( V Ron « 
Ro) s Ron 

Accordingly, the resistance R of he variable resistor 
circuit 42 as a whole greatly drops, and the rate of removing 
electricity can be greatly increased. 

[0054] Similarly, when the transistor Tr is an n-channel FET 
and Vs is positively charged relative to VR, VR becomes a source 
potential and Vgs of the transistor Tr becomes, 
Vgs = Vx - VR s (Vs - VR)/2 

When Vgs a (Vs - VR)/2 ;> Vgs relative to Vth, the 
transistor Tr is placed in the switch-on state and R & Ron holds . 
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Accordingly, the resistance R of he variable resistor circuit 
42 as a whole greatly drops, and the rate of removing 
electricity can be greatly increased. 

[0055] Even when the transistor Tr is of the p-channel type, 
quite the same effect can be obtained by regarding the source 
potential denoted by a sign of charged potential Vs relative 
to VR to be opposite to that of the case of the n-channel. 
[0056] To insulate the circuit wirings and the guard ring 12 
at the time of checking the circuit wirings or driving the 
circuit wirings, the resistance R of the variable resistor 
circuit 42 as a whole may be increased- For this purpose, first, 
the resistance Rv of the variable resistor element 46 is set 
to be Rv = RH » Ro relying upon the external field. Then, 
Vx as VR holds since Rv » Ro. If the range of potential applied 
to the circuit wiring is expressed as VsL s Vs ^ VsH to check 
or drive the circuit wirings, then, the transistor Tr can be 
reliably maintained in the switch-off state by setting VR as 
described below with respect to Vs. 

1) VR < VsL when the transistor Tr is an n-channel FET, 

and 

2) VR > VsH when the transistor Tr is a p-channel FET. 
[0057] When the transistor Tr is placed in the switch-off 
state, the resistance R between the circuit wirings and the 
guard ring 12 becomes R = RH + Ro & RH. 

A good result is obtained when the resistance R is not 
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usually smaller than 10 5 Q though it may vary depending upon 
the ability of the drive circuit. 

[0058] In order to render the circuit wirings and the guard 
ring 12 conductive in the matrix wiring substrate of the 
embodiment 4, therefore, the resistance of the variable 
resistance circuit 42 may be decreased. With the circuit 
wirings and the guard ring 12 being rendered conductive, the 
source wirings 18 and the gate wirings 16 are short-circuited, 
and no potential difference due to static electricity occurs 
therebetween. Accordingly, no electric discharge occurs , the 
insulator of the pixel TFTs and the semiconductor are not 
destroyed, the circuit wirings are not damaged by the heat of 
electric discharge, and the yield of the wiring substrate is 
greatly improved. 

[0059] When there is no need of taking a countermeasure 
against the static electricity as a result of connecting the 
drive circuit to the drive circuit connection terminals 34, 
the resistance of the variable resistance circuit 42 may be 
increased to insulate the circuit wirings and the guard ring 
12. With the circuit wirings and the guard ring 12 being 
insulated, the circuit wirings are driven by the drive circuit 
only. Even in the matrix wiring substrate of this embodiment 
4, therefore, there is no need of removing the guard ring 12 
from the circuit wirings by cutting. Therefore, the guard ring 
12 is maintained connected from the production of the circuit 
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wirings until the drive circuit is connected, and the 
countermeasure against the static electricity is maintained 
until the drive circuit is connected that needs the 
countermeasure against the static electricity. Accordingly, 
the yield is greatly improved as compared to the prior art. 
[0060] Further, since it is allowed to arbitrarily repeat the 
conduction/ insulation of the guard ring 12 and the circuit 
wirings, the circuit wirings and the guard ring can be rendered 
conductive again by permitting an external field to act upon 
the variable resistor element 46 to decrease the resistance 
of the variable resistance circuit 42 after having checked the 
circuit wirings by insulating the circuit wirings and the guard 
ring 12. Therefore, the circuit wirings can be checked at any 
time, i.e. , the circuit wirings can be checked at an early time. 
Accordingly, defects in the circuit wirings can be found at 
an early time greatly suppressing the loss of production. 
[0061] 

[ Embodiment 5 ] 

A basic constitution of the circuit of a matrix wiring 
substrate of an embodiment 5 will now be described with 
reference to Fig. 5. Fig. 5 illustrates the basic constitution 
of the variable resistor circuit of this embodiment. The 
circuit of this embodiment is constituted by incorporating a 
main transistor Tro between a connection wiring 71 connected 
to the guard ring 12 described in the foregoing embodiments 
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and a connection wiring 7 0 connected to the gate wirings 16 
or to the source wirings 18 described in the foregoing 
embodiments , and by connecting, to the main transistor Tro, 
a variable resistor 72 (resistance Rl ) and a resistor 73 
(resistance R2 ) which decrease their resistances upon exposure 
to light. 

[0062] In this circuit, if a voltage across both terminals 
of a variable resistor element 72 is denoted by VI, a voltage 
across both terminals of a resistor 73 by V2 , and a voltage 
applied, via connection wirings 70 and 71, to the main 
transistor Tro due to the occurrence of static electricity by 
V se , then Rl ss R2 can be realized during the steps of producing 
the wiring substrate to accomplish VI ^ V 3e /2. Here, when V se 
s> 2Vt (Vt = threshold value of the main transistor Tro) , there 
is obtained VI ^ Vt, whereby the main transistor Tro is placed 
in the on state and is discharged. In this constitution, the 
circuit operates at all times irrespective of the positive or 
negative sign of v se to protect the circuit wirings from the 
static electricity. Next, when the liquid crystal display 
device to which this circuit is applied utilizes the back- 
light and effects the liquid crystal display, the resistance 
decreases when the variable resistance element 72 is irradiated 
with back-light, and there holds a relation R2s> Rl and, hence, 
a relation V ae & V2 » VI & 0 holds. Accordingly, if the 
potential V0 of the guard ring 12 is set to the most negative 
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voltage among the circuits , the main transistor Tro (n-channel 
TFT) is maintained off without affecting the display of the 
liquid crystal display device while suppressing the 
consumption of electric power. 

[0063] Therefore , when the liquid crystal display is to be 
effected by either the variable resistor element 72 or the 
resistance 73 , it can be said that the larger resistance is 
preferred. To produce the variable resistor element 72 or the 
resistor 73 by using the material constituting the thin-film 
transistors in the liquid crystal display device, it is 
practically desired to utilize the off-resistance of the 
thin-film transistor. From this consideration, it is allowed 
to employ a constitution shown in Fig. 6 as a preferred 
constitution for the liquid crystal display device. 
[0064] In the constitution shown in Fig. 6, a first transistor 
Trl and a second transistor Tr2 are connected to the main 
transistor Tro. Fig. 7 illustrates an equivalent circuit of 
the circuit of Fig. 6. In the equivalent circuit shown in Fig. 
7, a resistor 74 which is an off-resistance Rq FF2 of the second 
transistor Tr2 , a diode D2 , a variable resistor element 7 5 which 
is an off-resistance of the first transistor Trl and a diode 
Dl, are connected to the main transistor Tro. In this 
equivalent circuit, if the guard ring 12 is set to the most 
negative voltage, the diodes Dl and D2 are reversely biased. 
Accordingly, a current flows through the resistor 74 and the 
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variable resistor element 75, and a gate voltage of the main 
transistor Tro is determined by the resistance ratio R OF f2/ r offi- 
Here, if IW2 » Rqffi due to the back-light, the gate-source 
voltage of the main transistor Tro becomes V GS & 0 and the main 
transistor Tro maintains the off state. 

[0065] From the above, therefore, when the liquid crystal 
display device is to be displayed, the first transistor Trl 
and the second transistor Tr2 shown in Fig. 6 must be such that 
Roff2 » Roffi (Roff2 and ^offi are of f -res is tances of the first 
transistor Trl and of the second transistor Tr2 ) . To 
concretely produce such a situation by light, therefore, it 
is possible to utilize the back-light as described above in 
the case of the transmission-type liquid crystal display device. 
Figs. 8 and 9 illustrate a structure in which the first 
transistor Trl and the second transistor Tr2 are concretely 
incorporated in the liquid crystal display device of the 
transmission type. 

[0066] Fig. 8 illustrates a concrete structure of the first 
transistor Trl of the case when it is incorporated in the liquid 
crystal display device of the transmission type as shown in 
Fig. 12. The first transistor Trl of this constitution can 
be fabricated by just utilizing the steps of fabricating a 
liquid crystal display device by forming a substrate 50, a 
gate-insulating layer 51, a gate electrode 54, a semiconductor 
layer 55, a drain electrode 56 and a source electrode 57 shown 
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in Fig. 12. 

[0067] That is, a pattern for forming a first transistor is 
additionally provided in the photomask that is used in the 
photolithography step that is conducted for producing the 
switching elements 53 shown in Fig. 12, and the film is formed 
by utilizing the additional pattern or the etching is repeated. 
Thus, the switching element 53 is formed and, at the same time, 
the processing is effected for forming the first transistor 
Trl thereby to form the first transistor Trl . 
[0068] The first transistor Trl shown in Fig. 8 is a switching 
element in which a gate electrode 80 which is a transparent 
conducting film such as of ITO is formed on the substrate 50, 
the substrate 50 and the gate electrode 80 are covered with 
a gate-insulating film 51, a semiconductor layer 55 is 
deposited thereon, a semiconductor layer 55a doped with ions 
is formed on the semiconductor layer 55, a portion thereof is 
removed by etching, and a drain electrode 56 1 and a source 
electrode 57* are formed to constitute a thin-film transistor 
structure of the channel etched type. 

[0069] Fig. 9 illustrates a concrete structure of the second 
transistor Tr2. The second transistor Tr2 of this 
constitution can be fabricated by just utilizing the steps of 
fabricating a liquid crystal substrate of the structure shown 
in Fig. 12. The first transistor Tr2 shown in Fig. 9 is a 
switching element in which a gate electrode 81 which is a 
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light-shielding conducting film such as of a metal is formed 
on the substrate 50, the substrate 50 and the gate electrode 
81 are covered with a gate-insulating film 51 , a semiconductor 
layer 55 is deposited thereon, a semiconductor layer 55a doped 
with ions is formed on the semiconductor layer 55, a portion 
thereof is removed by etching, and a drain electrode 56" and 
a source electrode 57" are formed to constitute a thin-film 
transistor structure of the channel etched type. The second 
transistor Tr2 of this embodiment, too, can be produced by 
utilizing the step of forming the switching element 53 like 
the case of the first transistor Trl described above. 
[0070] When the switching element structures shown in Figs. 
8 and 9 are to be employed, it becomes necessary to form the 
main transistor Tro on the substrate 50 by employing the 
structures which are the same as those described above. When 
the liquid crystal display is to be effected, however, the main 
transistor Tro is turned off. Here, in order that the drive 
circuit for the liquid crystals will not bear an increased 
burden, it is desired that (off resistance of the main 

transistor Tro) is as great as possible. At the time of display, 
therefore, the back-light must be prevented from falling on 
the reference transistor Tro to suppress an increase in the 
off resistance. Therefore, the gate electrode may be 
constituted by the same light-shielding conducting film like 
that of the second transistor Tr2 shown in Fig. 9. Therefore, 
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the main transistor Tro is obtained by employing the same 
constitution as that of Fig. 9. The upper part of the thin-film 
transistor may be covered with a light-shielding film called 
light shield in order to prevent light from falling from the 
upper surface side of the liquid crystal display device. This 
is effective in increasing for the main transistor Tro. 

Therefore, the light-shielding film can be effectively 
utilized for the above structure. 

[ 0071 ] When the countermeasure against the static electricity 
is required for the first transistor Trl and the second 
transistor Tr2 during the step of production, it is required 

that Ropp2 s Roffi • In order to maintain balance in the resistance, 
it is desired that the light-shielding film such as light shield 
is formed on both sides or is not formed on both sides. If 
the light-shielding film is formed on one side only, the 
resistance loses balance due to light incident from the upper 
surface side. 

[0072] In the step of producing the liquid crystal display 
device, light is not incident from the lower side of the 
substrate 50 but is incident from the upper side. If light 
is incident from the lower side, it is better not to apply the 
light-shielding film that shuts the incidence of light from 

the upper side in order to maintain a relation Rqff2 - Rqffi* In 
order to shut off light incident from the upper side in the 
step of producing a display, it is ideal to apply the coating 
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of a light-shielding resin or to cover the liquid crystal 
display device with a material constituting the housing thereof 
to shut off the light. 
[0073] 

[Advantage of the Invention] 

The matrix wiring substrate of the invention includes 
circuit wirings , a guard ring connected to the circuit wirings , 
and switching portions for controlling the 
conduction/ insulation between the circuit wirings and the 
guard ring, that are formed on the substrate. At the time of 
production, the external field acting on the switching portions 
is controlled to render the circuit wirings and the guard ring 
conductive. Upon rendering the circuit wirings and the guard 
ring to be conductive, the wirings are short-circuited in the 
circuit wirings. Therefore, no potential difference due to 
static electricity occurs among them; i.e., the potential is 
equalized. Accordingly, no electric discharge occurs, the 
insulator of the pixel TFTs and the semiconductor are not 
destroyed, the circuit wirings are not damaged by the heat of 
electric discharge, and the yield of the wiring substrate is 
greatly improved. 

[0074] When there is no need of taking a countermeasure 
against the static electricity as a result of connecting the 
drive circuit, the external field acting on the switching 
portion is controlled to insulate the circuit wirings and the 
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guard ring. Upon insulating the circuit wirings and the guard 
ring, the circuit wirings are faithfully driven according to 
the signals from the drive circuit. 

[0075] In the matrix wiring substrate of the invention, 
therefore, there is no need of removing the guard ring 12 from 
the circuit wirings by cutting. Therefore, the guard ring is 
maintained connected from the production of the circuit wirings 
until the drive circuit is connected, and the countermeasure 
against the static electricity is maintained until the drive 
circuit is connected that needs the countermeasure against the 
static electricity. Further, since the guard ring is not 
removed by cutting, the present invention does not receive 
damage due to the static electricity which so far has occurred 
much between the substrate and the cutting tool at the time 
of cutting. Accordingly, the yield is greatly improved as 
compared to the prior art. 

[0076] Further, since it is allowed to arbitrarily repeat the 
conduction/insulation of the guard ring and the circuit wirings , 
the circuit wirings and the guard ring can be rendered 
conductive again after having checked the circuit wirings by 
insulating the circuit wirings and the guard ring. Therefore, 
the circuit wirings can be checked at any time, i.e., the 
circuit wirings can be checked at an early time. Accordingly, 
defects in the circuit wirings can be found at an early time 
greatly suppressing the loss of production. 
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[0077] During the steps of production, further, the circuit 
wirings arranged like a matrix are conductive to one another. 
Therefore, even if a static electricity generates, there occurs 
no potential difference. Accordingly, no electric discharge 
occurs among the wirings, and no damage occurs in the thin-film 
transistors for pixels, insulating film and circuit wirings. 
When applied to the active matrix liquid crystal display device, 
further, the thin-film transistors can be used as switching 
elements. Therefore, the structure of the invention can be 
employed without increasing the number of the steps, when 
applied to the transmission-type liquid crystal display device, 
further, the back-light can be utilized as the external field 
making it possible to take a countermeasure against the static 
electricity without driving up the cost of the product. This 
rather suppresses the occurrence of defect due to static 
electricity, improves the yield and contributes to decreasing 
the cost. 



In Fig. 4: 

1 - circuit wiring side 

2 - Rv varies from RL to RH 
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%kxmc$5^ri±jf— f y vy 1 2 liMRi^nt^ 

fco »*«©56^ia-S iTFT^MtM 

i^mtW<, c©B««^liIIKE*a©lBfIlSE3 

[ooi i] *fc. ^-Fuy^i2^M$ntt^ 

5"5tiV— XE«U 8£Y-FE&$1 6£fcMS»LTV 



(3) SP6-5 134 7 
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M^Sltl^^, fftftf-FyvYl 2fc^/fiT 

stsc)fflftxs««»«xa*«TiB«iiiK^«tt« n/c 

w @8ssas©^w«*^«JM^nTv^co 

[0012] *«BBttiai5WB*«E*-rsfetf>ica5n 
/tfctoT^ vhu^xBBisaatg^iEifliHjK^si^ns 

cQ^E^t&S^ftg£^&"^ F U *XE*6S«:fe<fc 
[0 0 1 3] 

[Rffi*»i**rSfca6©^a] 11*31 l tcia^^v F y 

/S^nfcv Fy^XES8«fc*5t^T. HJ&E««Wja 
20 «Ju|(JiBll!iS^fcS«*n5^-FU >WJg«5 
n. HIKES* F U v^HlcWfBlHlKffiJai: ^f- 

[0 0 1 4] fS*S2lci3*OvFy^XESaffifcix 

i tasc^ v f y ^ xESS«fc*5^T. 
t\ mmsmt f y zy^mm/wmimm^m 

iatBSBrX^^vYig^feJ 
fs^s^SB^^sa^^nTi^c^srwatt-sfc 

50 [0015] 3 lcfE«£>-^ F y ^ XffiSatKti, 

sS*3SlfB«^Fy^XiE*SSffi^*3^T, SIIWSP^ 

[ooi6] is^4 tcfB*©v f y ^xis»a«^. 
ia*3gifB*^vhy^xEigB«*c*3^T, 

RT^fi*illIBT'«J5!c^nTt^fcCDTfeSo 

[0017] mMm 5 ^fa«^o^ f y ^ xk«s«<qs 
it^ffiti, asxtc^Fy ^x^mssE^^^^n 

^MastcSufBlilKES^S^ns*"- Fy 
40 $etCHWBlHlBE«^^Fy vy^©M^S»fa5 

8(»«:^6ai l/T0BiSBi:»- Fy v^tS 

[0018] 6 tcfBiE©^ f y ^ xEissts^iy 

a^Xtcv F y ^XttO®KE»jWg/S£n 
fevFy^XE»Stgo8!ii^j£tc43^^ [USSEIS^ 

j^jawjcMEiiiBEift ^»«sns*r- Fy 
50 laiHissEis^tufB^- f y >y ^^spii^ww^rssw 
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[0 0 1 9] 

[0020] ^^tc. ®vmMtfi-\ : v>y(DM<Dm 

L , tut BSK^tc T HIKES* t # — K y v tf&fflSc? % 
C t T?IU8SBS*Sfc totf - F U 9 m^fcCD t 

y >y*«e»«JSi: ty-ct ^ 1 1 stf t 
[002 i] fct, ^Fyy^MKt^ct 

mmcTtf- h*y v^tmgssas^^^br^pjtg 
u «at^»cti^r- Fy ^?£m%&gst$L£*mm 

$>mnmimo!&m&mc tenuis- f y vy £ iuke 

[0022] src. ^mncommmt, imsmmmcft 

%fr~DjEmic®$&mwLt f y >?<Dmm/ffi&%:V} 

[0 0 2 3] HtC. ^^rfFffl^^T^^MfflJT^ 

ESftT^SIalKESflfcl:, ^-FUymitSI? 
ftT^Sfca&lc. fit^SSt^^LT^ HIKES; 

ft. lUKE»i:;*f- Fy v^^^ratcilil^J»T^S 
JSBr^ELT^Sfca&fc:. &EWSUTWffl/J^& 

Sifcfpjw-rsc^^T^So ekeskbs** 
# £i;&(/^>T\ f y y^i£igwg^^ 0 
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[0 0 2 4] 

Bissau &Tic*mn*mmm*$>^Tmmirz>tf^: 

70 [0 0 2 5] SISSfl&J 1 ] HSfiM 1 <0v F U^XIfil 

igfcH i ^#MttP^t§o m i tc^-rv f y^xE 

FES 16, 16, 

©V-XEifil 8i:y-FE»i 6 B teaman 
2, 22, ft, ^H^mffi2 2fctX>f** 

20 >?m? (*Ih7yi/X^ : T FT) 2 0, 2 0, ■■ 

[0 0 2 6] /^f^^h'j^xfcifVxyi/ 

x^ y^iy^m^(ommm^irtihm^(Dm^m^ 
nr\i^f3\ i^-rti^«s©«igT*feoTt>v Fy ^x 
E»atg^ffifflbri^fe©"p&titf*^w^5Sfla , rs 

[0 0 2 7] ^ LT, **^0© V F y ^XESB»fi 2 
6tC*5^Ttt. IIXV7 1 4^Ji^C^»Fijy^ 
1 2#Jgj§g;£ftT^3o ^-F'JV^l 2tt»S**^ 
&t>, HxiJ7l 4 rtOHIBgESU IP^y-FESIl 

[0028] & ^ *m80!i^ v h y ^ xiisifi 2 
6*ct5^Tt±. IIxiJ7l 4rt©HlKE*8i:^— Fy 
^12^S^ie»cM^3 2 f 32, 

<. HI ^fVhy ^XEI£g«2 6tC*3l^T«. 3 
ffiX^^f^If 3 OtiSHF^VS/X^ (TFT) 

[0 0 2 9] iS, *^MTni, lilKEJS^^-KU^y 
1 2fcA^WfflRffiT*feSi:*^JgBfX-ry^vy^3 

0 ^ x ^ v if * ^vim t^L, mmmm t a— f y 

50 f3 0^7f^t7«Ii:W§o 
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[oo3o] *m%$2 8temmx^v?-y<ym :: P3 0(D 
?3 owxj ®mmt#- 

3 V (n + -a-S i/i-a-S i. n + - a - S i/i-a- 
S i/P + -a-S if) x ^fnS/>y^i/3^ i/B 

[0 0 3 l ] £&m£P2 8lig^»fX>f y^V^?3 0^ 
^ftfeCT'SotfcSfbfi:^ ^m^2 8i:L 

Von^2v. VoffSi v> teGMicffi^-e^, ^<om 

[0 0 3 2] ^^tC^fc, »2 8^bt'j-^^> 

[0 0 3 3] ccovhy ^xgBSS«2 6<D®VSBmi3 

[0 03 4] *SlSBi?fJ<0 V h V 5 XgEISa^ 2 6 £43^ 
EP13, e«SP2 8i:LT*»Wft*afflL 
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*5<o mmmt.j3-Yv^>?\ 2t^mmz^x^< 

C t X\ V-XE8& 1 8 £ y- hBBK 1 6 £ ^H»LT 

-T, IXfflT F T©tt»mi#^K«?ftfe!), ft 
«fc cfc S SBftfc: cfc-^T |IFI&B»<Z>»«#£ WCtt>4 

[0 0 3 5] *fc, mm®ffl£W8ifr3 4, 3 4, •■■ 

£^<&o /effete, j&ttflS CfcPWtffi) 2 8£:*g^L 

:7tB!8£U 0KIE«fc;*f— KU^l 2 

[0 0 3 6]ffct, ^XKSSffifcfc 
v^Ttt. ^K'jy^l 2^rm«E«^?>-9JBfl»S-rs 

ssK-rssT^F-Fuv^i 2^s)Kbfcsstc-rsii 
mnmm<D&m%;mm®m<DMmm%xB 

tcj:[:bT^;i(iIfcfRi±'r^ 0 

[0037] ^F'jy^i 2 tm^mBtcom 
m/mm%&micmmTc t&^mx$>%cDX\ 

tot, mmm^&*^M\^n^z>z-tf$ 

40 &o 

[0038] m, mm^2 sco^nti^T^^mm 

JraansiijE^KHtiis^jSf— kuv^i 2Wi^co 
«j±*Hi*nf sc^-r?, (tf 

t) 3ocomm i \i&mnicfi]±'$-&%££tfx^% 0 w 
f&nffi (±mnm 2 8%mye?&cticimK 

so Q>m<DmEE%fi— FU v^* 1 2 tcBWia-rsc i:"ei8*«c: 
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mm^^^iyym^ ctft) 3o\c^xmmm 
ix^^fy^i? ctft) 3 o<dy— hmmic^m 
C0039] ^mmmxi^r ftw^t^t^ 

(ELf) ^-S-feVltrW (-f^-^-tr ;o 

iess^c^t^ s c t i±%)mx& §o 

[0 0 4 0] SISSM23 ^8fiM2©vhy^xBa»a 
tk^2^#^LTtftBJi^-So i2{cfxtvhU ^XIE 

ss^3 6 &mmm i^hu ^xg2*is«2 6 tm* 

^1^3 0, 3 0, •■■^y— h®&&££a6Tjr#? 

«&mgP2 8^/&Lfc<5tC&S 0 IP^ N fgSS#]2CDV 
h U ^XIEiaSS 3 6 tc^vni:. mm%$ 3 2 l±^WL<V 20 
S^X^y^>^ig^3 0, 3 0, • • • £ 1 OOfSmSS 
2 8 £fr£«/£;**rt^£o 

[0 0 4 1 ] ^#j2^VbU ^XK*6Sffi3 6tCJ;n 

>?mT3 o ts§ t f Tcoy— httffi^^^omi±^en 

*tTTS£. MX^^fy^lf 3 0tS§T F TtC£ 

§t f Tte«j±^mra-rs(c£> N s?saM2^cfc-9^y"- 

^MD£UD^£&S 0 

[0042] {mim, mm. ftomzmmm iwhv 
oxiE«ga«2 e £mmT-$>% 0 for, nwj2^v 

KUV^l 2££#ffi£tfT45<o ©KBB» ^^f-Ky 
2 £%mm^^X%>< C £X\ V-XBESl 8£ 
y-MEISl 6£^@S&LT^S<DT\ ^n^F^cffl 
mM^£SmM#£USC£^&<&So ctot, ffi 

wwsc s-r, bxet f T©»«^¥»f*anM« 

S 0 

[0 0 4 3] KftlHlBSIRflS*? 3 4, 34, •■■ 50 
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^fg^3 0<9T F T<Dls1*^m&LTlC?Z>£ tX\ 
X^7fy^3 0^7fm7ttl^U [el 

[0 0 4 4]fct, C^VhU^XiaiaSfi3 6tC*3 

^xi±, ^r-Kuv^i 2^[HiESias^^^®T^* t rs 
jg^-rss-e^-Kuv^i 2^gML/t^stc k rsc 

[0 0 4 5] A-K'JV^I 2 £IUBIB3»£<E>W 

ii/«e»*e3ft^«ig-r<ii:^Rr^T**5©T% ©bib 

» £ 2f- K ^ 1 2 £ £r*£|p U 0K13l*<D*aE*fT 

&s Q «e-^T, mmsM(o^&*msiicK&Tz>c£tf 

50 **SSMTH±. 1 0(OJt&«a5 2 8T^TtO^KX^ 

51 stc^fi^nT^sx^y^^iH^ o^y- h 

[oo4 6] c^sa€w 3 d mB&mswbvzxwmM 
isss 3 8 jessed i co v h y ^ xiasas 2 6tm& 

SjS^ ^^^LToJ^girL^ : ?4 0, 4 0, 

ctoT^com^gKfa^^t'rs : £>^T^tiifS:<. 
^^^^^rs^ffl^^b-rs^fl^. umc& 
ix&um&mitr&v-^xz, j±j]ic&^x&frLm 

TfitafI^^ft^S^-;l/^l|^3gfflT^S 0 
[0 0 4 7] pj^gia^ 4 0 <D«£iffi<D RlgiEB t b 
T, ±RB GBSKfBJ) ^Rv> 1 0 5 QTfetltf-KO* 
^©BlcttBaiSti^:i\ fib. ^S0#^|gK[HlS§^tg^ 

TPS (ffiffiMfBfflJ) ttRv^l 0 3 Q^ 

ntfa< , T^s^ffi^ffl-e^s^i^mM^^^ 

[0 0 4 8] C<7)VhU ^Xi3i&S1&3 8»c*3l^T, tej 

^^4 o ©jgsx*/j^ < -rntf cfc^o gp^. oj^jgin: 
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lB£t£;tf-FUyy l 2 £^SiI2-£T*5< V 

US C£&&<, E$g§*££ LT£>*£gD 
[0 0 4 9] £fc. ffiKHUfiSSiKSSB^a 4 f 3 4, •■• 

. fiKffi*iiAP$^T0KE»fc^--KU>'^ p l 2 
^ffi^^ -£ftfcf (hI£§IB£§£ F V 1 2 tm 

8^*3^Tfc, f-KUyyi 2*IIJBES^e«WRfc 
St^^^^o £oT. IUBESoia5fiB*^e»IK» 
EIK^Sc-rsST^-- KU >y 1 2^mUhTc^mic 

*"e»««JWR*«»«»-rsci:^*s 0 sot, 
*B¥?^se*fcjtbT^iie»ciRi±'rso 

[0 0 5 0] £/c, KU y^l 2 £0KE*ft£<E>W 
l^-KV^l 2£*«g»U lII&EJSW^S^rfi 1 
m^SSL^ 4 0 <DgKf8£:{£S U [HISSED £ F 

y v^*aGi5^5<i^^"t?^So t^^T, hikes* 

[0 0 5 1 ] C^fiSM4) *SK0B4£>vhU^XESSS 
«£LT. ^^j3^Rr^fiK^4 0©«DtcH4tC 
^T£dft^gRtIIg§4 2^Ifflt§t^I/?^ 

ti^3^t>^T*ffiS-rSo 
[0 0 5 2] 0 4 tC*5l>T. 
Ro : jgSi4 4<D— ^cDgJnfl 

Rv : fljglcj;?) RL— RH (Ro%RU Ro«RH) £T* 
Sft^S^gglnSi? (C^pJ^gia^tcti:^SgW3 

fa 

Tr: F^y^X^ (fSU Ron<<Ro. Roff^RH>>R 
S8~eofiSifflT**t), Roff ti F^y-yx^X^y?- 
VR : 27- FUV^ffi 
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Vx : R o t R v^g^f tT^ D lO h 7 y i/X^ T r 
Vs : HJ&E»©«ffi 

[0053] usswi 4<D-?bvi? xessss^&^t, 

«rWiI*rSfc:W\ ^gftl!lK4 2£{*£LT<9gKffi 
«rWCVs£ VR^M«r/J>$<-rtltf 
S <k o T RTSEfiSBR? 4 6 ^gjnffi R V# R V 

= RL=Roi:t^o Vx = (VR+Vs) /2 

70 £&S Q HmM^^oTVs^VR^bTfttC^WLfc 
Tr^nftV^FET (Field Effect Transist 
or:«SMh7Vv?X?) Tifetlfcf. Vs#V-X« 
h^Vv^X^TrOy— hV— XWEVgs 

It, 

Vgs= Vx-Vs 

% (VR-Vs) /2 £%S Q 

h^y>?X*Tr©L^MiiWJEVth (RV) tc£fUT 
VgsfcV Vgs% (VR-Vs) /2^Vth £&S£. F 
^y^X^TrtiX^y^y^ym^&tU F 
20 Uy^l2 fclUKBBRcoP^fiSiRti. 
R= (2Ro Ron) / (2Ro+Ron) 
% (2Ro Ron) /2Ro (vRon«Ro) 
= Ron 

tot, q!gg5t|alK4 2±f*£LT^g^ffiR«:*:iB 

[0 0 5 4] mWc, h^y^X^Trtf n^y*;!/ 
FETT&oT. Vs^VRtc^LTiEfc^ltLfc^c 
VR^V— X«fl[^«:»3, F^y^X^TrtOVgs 

30 Vgs= Vx- VR 

% (Vs-VR) /2 £%S 0 

VthlcfcfLTVgs*)* Vgs= (Vs-VR) /2 ^ Vth 
£&S£. F^V'^X^TrtiX^'y^^y^-y^i: 
&t>. R = Ron£&S 0 SfoT. ^gia!IJ&4 2^f* 

[0 0 5 5] h^y^X^Tr^pf^y^l/CQ 
sy-x«ffi«:±fan^^y*;l/^«-&^ajti:miCTS 

[0 0 5 6] l«IBSlB»««it*rcti|HlKBa*60IB!&Bt 
^gir[[HlgS4 2to±fti:LT©gKfliR«:^:$<'rtLtf 

mtictisf, ttwcji-sTnrggtt*^ 

6^gir[filRv^Rv-RH>>Ro WSo TSt. R v> 
>Ro TfeS^S, Vx=VR ii^So IUKE*a©«at 

VsL<Vs^VsH ^LTa^-Ti:, VstcWtT, VR 

50 ^X^f7fy^7 ttMSO C t ft S o 
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(Dh^VS/X^Tr^nf-VV^F ET<Df^, VR< 
VsL 

©h^y^X^Tr^pfty^l/FET^, VR> 
VsH 

[0 0 5 7] b^^X^Tr^X^^V^tXcO 

R = RH+Ro 
= RH hfr&o 

0 5 Q iX±T&n^&#T£ So 

[0 0 5 8] f^T, C^^ij4t0VhU^XMB*tS 

sick*, RrsaKinK4 2 £>g*v&/h£ < -rntf j; < . 

&<&£ 0 £oT. SBt^fiCBf, ffl»HTFT©tt 

[0 0 5 9] ffiSSHIBSS^WB 1 3 4 fclgftlnJiS* 

U 1 2 £ ^&e^n*£&^o [HlKgSS^ F V 

[0 0 6 0] £/c, V^l 2 ^HIBSaatt^eO* 

ft^fcSHC 3KW£fi*t*?4 6 fcj*»*fM§;*-tfT 
^«»KlsIBS4 2<Q»6xffl*ffi«U lilKB»a*-F 
UV^l 2 £*m&-2*t%>££'&T* : g%o fct, leFKS 

[006 1 ] I3S«W5] *«W5©vhi;?XE«I 

«^0^S^iS^ia5^:#0gbT^ i r^c 0 5 

-Fuy^i 2Jcj8f«sns««B»7 1 9tcomm 
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^lci:^SK{B^W>T^^gtrL^-?7 2 (SJaffi 
Rl) £JgJr[7 3 (jgJr[{fiR2) ^iSLTM^nt^ 

So 

[0 0 6 2] C^IIlKfc^T. oJ^fiJrL^ 7 2 COS 
^tCcfc^^Vh^V^X^T ro^g^Ba«7 0. 

<T)wmxmtpic$s^ri±, ri%r2^t sc^a^t 

70 V1%Vse/2 £&£ 0 ccT\ V se ^2 Vt (Vt = ;* 
^yh^y^TroOlt^fD Vl^Vt 

^mmrm=?7 z^^t^^t y<oyttmM 

Vse^V2>V1 = 0©|8«^«:5o fi£oT;tf— FU 
20 2^ttfeVO^0^^-T ? «^m^*EEtc^L 

FT) ^^e&o/c^T&D. SftS/TNil^a 
[0 0 6 3] cfcoT, MfB^ffiKffl^ 7 2 tmtil 3 

h^si?xz<Dmimftvim^m&mm?7 2^ 
[0064] H6^*r«jSKTtt. ^-{yF^y^x^ 

T ro{C*fLTfgl h^^X^T ri £|g2 b^V^X 

[ElK<0§SffilHllS«:B 7 ic^-To a 7 tc^-TIf ffimK^^ 
^Tfci, ^^F^^X^T ro fcotfU fg2 
is^ZT r 2 cD;*X&K^RoFF2£Lfcfijn7 4. 
0\ ^V^"— FD2£, ill b^V^X^T r i co^XS 
40 ta^RoFFi £L;fcRrg»R*?7 5. feitf. ^-r^- 

Is^X, *-KU^l 2*S*>a©lt£EJcSSbTl3 
tttf. ^-f^-FDK D2t±^WTX^^:§fci6tc. 
Sta7 4 4: RTSStnJR? 7 5 fcfcWffitfWH-u S^iifcR 
off2/Roffi t?p<-f yF7^X^T ro^y— h®J± 
A^i**S 0 hcO^tCcfc X> Roff 2 >R 

offi^^S^:. ^-TVh^V^X^T rocoy-h • V 
— XraSJEti, VGs = 0^^:t). ^yh7V^T 

50 [0 0 6 5] W±£>C£fr5, 06tC^T^l h^>^ 
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R0FF2>R0FF1 (R0FF2^ R0FF1 It^tl 

^tU mi h^V^X^T n £il2 F^V^X^T vi 

fgl b^V^X^T ri £|g2 b^^X^T r2*Sft 
Wfcffl*iiA,^«ie©— 8^0 9 tc^r o 
[0066] H8ti. 01 2 tc^T J: o teMMMcomuB 

m^wi^K^&tsm^com \ f^^x^t neon 
v^x* t r i t?fentf. ia i 2 ic^Tfife 5 o ^y- 

b^ftlS 1 t?-hnMS 4 t*i*l5 5£ FW 

>Wfi 5 6 £ y-xffi 5 7 %}BMKLT}ftaS^S«* 
Sifi"rS«^©X@«:e©**8SfflLT^l b^^X 

[0 0 6 7] BP^, Hl2^Wyf^i?5 3 

i>&:7* bvx^fcfgi F^v^x^/Sfflco/^— V 

5 3^^^fRjB?^Hl F^VS^X^T ri^iK/B^ffl. 
H^T&oTlfll h^y^^Tn^M^ct^ 

[0 0 6 8] 08tC^rigl F^>>?X*T r iti. S 
ffiSOXtci TOa2©J8MW»»^£*£y— FWS 
8 0J&Jgj£U i^5 0^y-Mffi8 0^y-hli 

/I 5 5ii:>ftVK^LW#»i5 5 afcJgjSU 
ffi*xy^>^fc:<fc9^£?-£fcfcfc^ FW 

[0 0 6 9] m9&m2 F^>i^X^T r 2 <DJ|{*[£lffit 

r 2 T*»ntf. hi 2 tc^-r«ifi©?«sa«*S6i 

lT£X*M£:*iJfl!bTifl2 F^^^X^T re^rfFD&t? 

a« s o ±tc h © iBjtit 6 a s y- F « 

@8 l«:Jg/£U H5 0i:y-hii8 l^y-F^g 

u^yaa5 6' ' ^y-xtt1l5 7 , * 

£ *>l/X y *-g!<Z>SIR F ^ ^^X ^#§)g £ LT X 
?5 3^Mt5XS^fflbmt§<:^^^ 
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[0 0 7 0] £/c, 08^i9^tX^7fy^If 

cOIBiftllllS^afiSrii^Sai^fc^tc, Roffo 
^»SLt\ S^o^tc. S!pb7yy 

10 X^T ro^V^7>f b^A^fU *:7fi*W±#*r 
^ V ^X * T r 2 £ [5J C J; ? a® Jtffi W*HT* y- F « 

^ b ^>-;V F if ^ti^MlTSI h 7 y i/ 0 x ^ (?) 

*T rofclfcfLTfcJ:. Roffo**£<^£»«*M5£0> 

20 %>o 

[0 0 7 1 ] — 75\ MfH^l F^V^X^T n t%52 
tMSI^M^t^Bfti, Roff 2 = RoffiT?&£C t 

[0 0 7 2] **3. «ffia^««OSiSXS*fc*3i/> 

30 T. Jtti. g®5 o^T7^£Aftr&c£&a<. X 
a^A&fTS*^ mcTfr^AMLtcm^ Roffz^R 

cD^^m u s c ^ &mmff3-e$> %<> 

[0 0 7 3] 

^S^S*»J»bTIUBSBB»2;*"- FU >y^«:*JI 
^^T4o< fccOTfcSo IsIB&BBJS^^f— FU vyt*# 

mmmT f T^g^iiMaw^n/c!?, 3»«fc 
50 [0074] ^fc. mmmm^mm^rmmm.fm^m 
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[0 0 7 5] fif^T. F y ^XKSSffifcfc 

t %> S "t? # - F U V f «■ }g IBc b 7c s s t c •? % c t # T 
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